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SINGLE PRIMER AMPLIFICATION 07 
POLYNUCLEOTIDE HAIRPINS 



Backcround 

Polymerase chain reaction (PCR) is currently used to 
S amplify minute quantities of polynucleotide. However, PCR 
requires two oligonucleotide primers which hybridize to the 
oolvnucieotide beinc amplified. Ccnsecuentiv, PCR can onlv 
be used if the polynucleotide sequence within two separated 
regions of the polynucleotide being amplified are known. 

10 Therefore, PGR cannot be used to amplify regions of unknown 
sequence which flank a region of known sequence. Inverse 
PCR is currently used co amplify flanking regions (see 
Ochman et a!,. Genetic applications of an inverse polymer 
chain reaction. Gexeclcs, 122:521-523 (1983)}. However, 

15 inverse PC?, requires an inefficient circularization step 
which requires a dilute solution of DNA. Consequently, 
there is currently a need for new methods of polynucleotide 
amplification which can employ a single primer and thereby 
be used for aooiications such as the amplification of 

5ui a v o * — ' a iv or i- ion 

It has been unexpectedly found that a polynucleotide 
hairpin can be exponentially amplified using a single 
primer and a template dependent polynucleotide polymerase. 

23 This discover*/ has been mace, desoite orior teachings in 
the art that single primer polymerase chain reaction (PCR) 
of DNA hairpins was unsuccessful under various conditions 
(Slack az al . , Nucleic Acids Research 22:1315 (L994) ) . 
Methods of amplifying polynucleotide hairpins, (e.g. 

3 0 hairoin DNA) , double stranded polynucleotides (e.g. double 
stranded DNA) , single stranded polynucleotides (e.g. single 
stranded DNA and RNA) , and cDNA wish a single primer are 
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disclosed, as are methods of detecting hairpin single and 
double stranded polynucleotides* 

Qna embodiment cf the present invention is a method of 
copying a hairpin polynucleotide, e.g. hairpin DNA. The 
method comprises providing at least one hairpin 
ociynucieotide. The hairpin polynucleotide is combined 
with a template dependent polynucleotide polymerase, 
nucleoside triphosphates and an excess of a single 
polynucleotide primer. The single polynucleotide primer is 
canable of hvhridicing to a site on the 2* portion of the 
hairoin cclvnucieocide suitable for primer extension such 
that an extension product synthesized free the single 
primer can serve as a template for the synthesis of an 
extension product of the single primer. The primer site is 
situated such that the primer is extended into the stem or 
duplex portion of the hairpin. The base-pairing of the 
hairpin polynucleotide is then disrupted, -hereby 
dissociative the two complementary segments and converting 
Che pcivnuclaccide in" o a ncn- duplex cr sizgis scrancac 
form. This prcducc is char, subjaccad to hybridizacicn cr 
annealing cendicions such chat ac lease che 3' portion cf 
Che. orimer car. hybridize zo the primer binding site cn che 
hairoin colvnucieccide. This product is exposed cc 
conditions suitable for primer extension, thereby producing 
cha extension produce, which is a complementary copy of a 
portion cf che hairpin polynucleotide. The extension 
produce is believed co be in che form of a hairpin. The 
disruption, annealing, and primer excension steps can be 
„ ne , f ^ ,-,<ir a nv cccvinc and orcducing an exponential 
amplification of che hairpin polynucleotide and che 

excension produce. 

The mechod of che presenc invention has many 
advantages. Because only a single prime: 3 required, less 
knowledge of the sequence of the target uua is required 
than with cradieionai polymerase chain reaction methods, 



1 J 



• - 



which require at: least: two primers. This method is useful 
for the amplification and sequencing of unknown regions of 
DNA flanking regions of known sequence. Applications of 
the present mechcd include gene or chromosome walking, 
S amplification and sequencing of cDNA, and detection of the 
presence of minute amounts of a specific DNA in a sample. 

Description of the Figures 

Fioure 1A-1G shows a hairpin polynucleotide with a 
double stranded portion and a cap portion and the expected 
10 crcducci of sincie crimer amplification of a hairpin 

polynucleotide . It also shows a single stranded closed 
circular coivnucieccide which is equivalent to two hairpins 
end co end, and the expected amplification produces . 

Ficure 2A-ZX is a diagram shewing the seeps in one 

15 cycle of sincie primer exponential amplification of a 

, . . ^ ^ • ■* 

Figure 3 is a diagram of a hairpin adapter shewing the 
cao or loco recicr. , the seem region., and the iigarabie end 

region. . . 

20 Figure 4A-43 shews a hairpin adapter (SEQ ID NO: 1) 

wi-h a 4 base 5' overhang and a hairpin adapcer (3ZQ ID MC: 

2) wich a 2 base 3' overhang. 

Ficrure 5A-5F is a diagram showing the use of a DNA 

hairpin adapcer which has a phesphoryiaced 5' end and a 
25 site complementary to a sequencing primer and which is 

ligacabie to a double stranded DNA. Figure S also shows • 

the use of this adapter for amplifying and sequencing 

double s-randed DNA to which it can be ligated. 

p2.cure o.-.-q*- is a c-acrau. 5- — - * — ^ ~ 

3 0 hairpin DNA from single stranded DNA. 

Fioure 7A-73 is a diagram showing a single stranded 

DNA with a 3' shepherd's crock and the conversion of this 

DNA inco hairpin DNA suitable for single primer hairpin 

amoiif ication . 



Ficura 3A-37 is a diagram shcwina a sincle stranded 
DNA with a 5' shepherd's crook and the conversion of this 
DNA into hairpin DNA suitable for single primer hairpin 
amplification. 

Figure 9A- 9G is a diagram showing the preparation and 
conversion of mHNA into hairpin DNA suitable for single 
orimer hairoin amciif ication. 

Ficura L0A-10G is a diagram showing the production of 
hairpin DNA from single stranded RNA or DNA. 

Figure 11 shews the sequences of adapters C77 (SEQ ID 
NC: 3), C73 (SEQ ID NO: 4) and D1S (SEQ ID NO : 5) and of 
primers 355 (SEQ ID NO: 5), D13 (SEQ ID NO: 7), C72 (SEQ ID 
NC: S) and 335 (SEQ ID NC : 9) . 

Ficure 12 is a diagram showing an E. cell I5S rDNA 
cene with restriction sites and an amplification primer 

bincing site. 

Ficura 13A-133 shows hairpin adapter C73 (double 
lines) ligated at EccR I site to i. ecu DNA , jsmgie 
lines) and the positions of primers C72 and 395. Also 
shewn is the exoected product obtained by amplifying this 
tarcet DNA with sincle crimer C72. 

Ficura 14A-143 shows adapter C77 (double lines) 
iigatad at EccSL I sica to E. cell ENA, (single lines) and 
the positions cf primers C72, and 335. Also shewn is a 
par-ion af the expected product SEQ ID NO: 10 obtained by 
anralifvinc this target DNA with single primer C72. 

Ficura 13 shows adapter C73 (double lines) ligated at 
EccR I sita.to £■ coll DNA (single lines) and the positions 

cf primers C72 and 33 S. 

Figure ISA- 153 shows adapter D15 (double lines) 
ligated at the Age 1 site to E. calx DNA, (single lines) 
and the positions of primers C72, B3S and D13 . Also shown 
is the expected product S2Q ID NO: 11 obtained by 
anralifvinc this target DNA with single primer C72. 



Figure 17A-17D is a diagram showing a single stranded 
polynucleotide having regions D, C, B and A in the 5' to 3' 
direction, a prcbe having a 3' region complementary to 
region A, and a 5 ' region identical to 3. The diagram also 
shows the preparation of a single stranded DNA capable of 
forcing a 5' shepherd's crook from the probe using the 
single stranded polynucleotide as a template. 

Detailed Description of the Invention 

The cresenc invention is a method of exponential 
amplification of a hairpin polynucleotide with a single 
crimer to orcduce two complementary products as described 
below. A polynucleotide can be DNA, R2TA or analogues 
thereof. Z:camoies include pepcids nucleic acids (?NA) , 
phcsohcthioiate nucleotides or other analogues which give 
specific hybridization tc polynucleotides and which can be 
extended bv a template dependent polynucleotide polymerase 
i ^ *-'^a ^-«-o<=^r*^ci c - nucleoside trinhcsonates . 

A "hairoin ccivnucieccide" , as used herein, is a 
sincle stranded polynucleotide having two regions which are 
311 j=-i A r-r-' v ~^mo ■ ^mentarv that thev hvbridize to each 
other. Preferably, the two regions are completely 
complementary. As shew- in Figure 1A, a na^rpin 
oolvnucieotide is composed of two portions: a "stem" and a 
"cac" or "Ice?" region. In the "seem" region, 
complementary bases are paired in a typical antiparailei 
duo lex . If che two complementary portions of the 
oolvnucieotide are separated by bases which do not form a 
complementary structure, then the bases form a single 
stranded loop off the end of the stem. A single strar.cec. 
polynucleotide in which the two complementary regions 
comprise the entire molecule is said to be a "perfect 
hairpin". A perfect hairpin has a "cap" portion that is 
generally about four bases in length. As used herein, the 
term "looo" also encompasses a cap unless specified 
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otherwise . A loop can contain from 3 to about three 
thousand bases. Also included in the definition of hairpin 
polynucleotide is a circular polynucleotide having two 
redans that are sufficiently complementary that they 
5 hybridize to each other. In this case there is a loco 

corticn at bcth ends of the double stranded stem portion as 

shown in Figure IH. 

In the present invention, the nucleotides in the 
double stranded portion of the hairpin generally outnumber 
10 the nucleotides in the locp portion. For example, the 

double stranded portion of the hairpin can comprise about 
50% or mere of the nucleotides. In some applications, the 
double stranded portion of the hairpin can comprise more 
than about 2C% of the nucleotides and, at times, mere than 

13 about 9S% of the nucleotides. 

\ hairoin coivnucieotide that is not cz.rcuj.ar uaa a j 
end and a 5' end. The portion in the stem of the hairpin 
with the 3' end is referred to as the "2' portion". The 
core ion. in the stem of the hairpin with the 5' enc is 

20 referred to as the "5' portion". 

Each reaction product contains a copy of at least a 
portion of the stem of the double stranded portion cf 
hairpin. These two reaction products can be produced, 
provided that 1) the sequence at a site (referred to as the 
™ ^ \ w -i i-hin the 3' tertian of the hairpin 

oolvnucieotide is known in sufficient detail that 
oligonucleotides, referred to as "primers", can be 
svnthesized which will hybridize to the site and 2) cnac a 

n - ho -lai^'-i oolvnucieotide is avaiiacie to 

small amount o*. <-ne no-i — - — 1 r* w — - 

3 0 initiate the reaction. 

A -or liner" is a polynucleotide containing a sequence 
its 3 '-end hybridizable with a primer binding site. The 

u^imer may be longer tnan u~e r « me - o-n—- - 

• - *r the 5' erd. 5' extensions are often used 
expansion is at cne a euu. ^ 

to introduce novel sequences at the end of an atoplme- 
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prcduct for cloning or ocher purposes. Usually, the number 
of bases in a primer will be at Lease as great as the 
printer binding sice and generally from a to about 2,500 and 
preferably 13 to 100 nucleotides. The primer is an 
5 oligonucleotide, which, after hybridization to the target, 
acts as a point of initiation of synthesis when placed 
under appropriate conditions in which synthesis of a primer 
extension product which is complementary to a nucleic acid 
strand is induced. Appropriate conditions occur, for 

10 example, in the presence of nucleoside triphosphates, and 
an inducing agent such as a template dependent 
polynucleotide polymerase and at a suitable temperature, 
pH, ionic strength and Mg'~ concentration (or other 
suitable divalent cation required according to the 

15 particular polymerase used) . A primer represents a 5' 
terminus of the resulting extension product. 

The cri.mer is preferably single stranded for maximum 
efficiency in amplification, but mav alternatively be 
double stranded. If double stranded, the primer is first 

20 treated to separate its strands before being used to*. 

prepare extension products. A primer can be obtained from 
a source in which it occurs naturally (e.g., by a purified 
restriction digest) or can be synthesized. 

In the method of the present invention, the primer 

25 binds to the primer binding site, which is located on the 
3 ' portion of the hairpin polynucleotide . 
The primer binding site is separated from the loop by a 
cud lex region referred to as the "proximal stem" . The 
region of the stem extending beyond the primer binding site 

30 is referred to herein as the "distal stem' 1 , 

The proximal stem is at least a base pairs in length, and 
is tvcically at least about 100 base pairs. In seme 
applications the proximal stem may be as large as 2 
kiiobase pairs, and at times more than 40 kiiobase pairs 

3 5 lencth. As a result, primer extension by a template 
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deoenden- polynucleotide polymerase copies inco a base 
caired region of the seem before reaching the loop or cap 
region/ i.e. the polymerase first copies proximal seem, 
before reaching the loop. Primer extension may be more 
efficient; for colymerases which possesses the property of 
strand displacement without: the aid of heiicases (see A. 
Xomberg and T. A. 3ader, DNA replication, second ed. W. H. 
Freeman and Co., New York (1992)) . 

a-i-afa-ablv, a molar excess (for cloned nucleic acid, 
usuaiiv about 1000:1 primer : template, and for genomic 
nucleic acid, usually about 10 s : I primer : template) cf the 
sincie oligonucleotide primer is used in hairpin 
amplification. When the method described here is being 
used for diagnostic applications , the amount cf template, 
i.e. the amount of hairpin in polynucleotide to be copied, 
mav sec ba known, so that the amount cf primer relative co 

_ ~- ■ ^-a r-r-1 a^>- -' cannot be determined 
cne amount c- uemy-av-e boi» — 

with certainty. As a practical matter, however, the amount 
cf primsr added will generally be in molar excess over the 
amount cf target polynucleotide whan the saquar.es to be 
amplified is contained in a mi:ctura of complicated long- 
chain nucleic acid strands. A large molar excess is 
preferred for a high degree of amplification. 

Suitable template dependant polynucleotide pciymarasas 
include DNA polymerases and SNA polymerases- and reverse 
transcriptases . DNA polymerases which .are not stable at 
hich temperatures are suitable and include DNA polymerase I 
Kienow Yracment , T4 DNA polymerase, T7 DNA polymerase, and 
others. However, thermally stable DNA polymerases are 
__, 3 _ ad wta - - =r3 than one cycle of hairpin amplification 
< s to be performed and include DNA polymerases from Therm* 
.cuacicus, Therms thezxovkilus , Thermus sp., Therxoccccus 
iiccraiis, Pyococcus furicsus, Pyrococcas woesei, 
Pyrccoccus sp. Additional thermostable DNA polymerases are 
known (A.K- 3ej and M.K. Mahbubani, Thermos cabl a DNA 



polymerases for in viczro DNA amplifications, " in H.G. 

Griffin and A.M. Griffin eds . PGR Technology: Current 

Innovations, CRC Press, Ann Arbor (1994)). Polymerases 

which naturally lack or have been modified to lack 5' -3' 

excnuc lease activity and which have strand displacement 

activity, ?uch as Thermoccus litoralls are preferred. RNA 

ooivmerases include Z. coll RNA oolvmerasa, S?S , T2 and T7 
^ *■ ■* 

RNA polymerases, and others as well as those from 
thermophilic organisms. Reverse transcriptases from Avian 
Myeloblastosis Virus, Moloney Murine leukemia Virus, and 
other viral and bacterial sources, including these from 
thermoohilic viruses cr bacteria may be used. 

Disrupting the base -pairing of the hairpin 
polynucleotide refers to dissociating the complementary 
oortions of the hairpin stem as shewn in Figure 2, by 
subjecting the hairpin polynucleotide to denaturing 
conditions. The double stranded portion of the hairpin 
polynucleotide is thereby dissociated, partially separating 
the two complementary portions of the hairpin This strand 
separation can be accomplished by any suitable method 
inciudinc chemical or enzymatic means. A preferred method 
of separating the strands of the nucleic acid involves 
heatinc the nucleic acid until it is completely (>3 5%) 
denatured. Typical heat denaturaticn may involve 
temperatures ranging from about 30°C to 1Q5°C tor times 
ranging from about Q.S to 10 minutes, preferably at about 
94°C for about 0 . 5 to 1 minute. Strand separation may also 
be induced by an enzyme from the class of enzymes known as 
DNA helicases which separate strands of duplex DNA and are 
described in A. Koraberc and T. A. 3aker in "DNA 
replication", 2nd ed. , pp 355-378 (Freeman and Co., New 
York, (1992) . The reaction conditions suitable for 
separating the strands of nucleic acids with helicases are 
described in Cold Spring Harbor Symposia on Quantitative 
Biology, Volume XLII, "DNA Replication and Recombination 11 
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(New York: Cold Spring Harbor Laboratory, (1978)}, 3 . Xuhn 
et ai . , and "DMA Eelicases", pp. =3-57. 

The denatured hairpin polynucleotide and primer are 
then exncsed to conditions suitable for hybridization or 
annealing of the primer to the primer binding site on the 
hairpin colvnucleotide. Under these hybridization 
conditions, the hairpin polynucleotide returns to its 
hairpin conformation with the bound primer as illustrated 
in Ficure 2C and D. Because of the molar excess of primer 
and the greater mobility cf the primer relative to the 
hairpin cciyr.ucieotide, the primer can usually be expected 
to bind before the hairpin structure is completely 
reformed . 

The hairpin polynucleotide is then exposed to 

, — ^iri^-s 3U -tabie for orimer extension. The primer is 

extended by the template dependent polynucleotide 

polymerase is the diracticn of the iccp. The product 

cota^nec nas tne mciecuia.- //e-^«- ^- - ^ — - — o*-- 

r ^c^-3r- v**-^ ~"->e oroduct forminc a 

hairpin structure, rather than a double stranded • 
polynucleotide typically formed in traditional PC?, 
anplificaticn. Consequently, extension prcducts cf cha 
present invention can be distinguished free PCS cr other 
single primer amplif icaticn produces on the basis of 
molecular weight; the hairpin product is one" half Che 
molecular weight of the double stranded product: obtained 
from traditional amplification procedures (see Examples I- 
4) . Although Applicant does not wish to be bound by a 
particular mechanism, this result is consistent with a 
strand rearrangement occurring during the course cf primer 
extension. An example of strand rearrangement is shown 1= 

Figure 2 . . 

If the hairpin polynucleotide is a perfect hairpin 

(all bases complementary) then there is only one 
amplification product. However if . the hairpin 
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polynucleotide has a loco, there are two complementary 
amplification products as shown in Figure I. The loop 
ocrticn of the first extension product, X' , is 
conic lament ary to the loop portion of the starting material, 
5 X, as shewn in Figure 1C. The stem of the extension 
product contains the primer as its 5' end. The 
complementary 3' strand contains a copy of the primer 
bindinc site. Therefore, additional primer can hybridize 
to the first hairoin extension product and to the hairpin 
10 startinc material following subsequent steps of 

denaturaticn and annealing. The first extension product 
can therefore serve as a template for primer extension. The 
loop of this second primer extension product, X, is 
complementary to the loop of the first primer extension 
15 product and is identical to the loop of the starting 

hairpin polynucleotide, as shown in Figure IS. The stem 
portion of the products between the primer binding sice arc 
the loco, and the complement to the primer binding site anc 
the Icoo are identical to the starting material. 

Additional eveies cf denaturaticn, annealing, ana. 
extension will produce exponential amp 1 if icaticn cf the 
products shown in Figure 1, cassis C & 2. These copies are 
referred to herein as "amplified polynucleotide cr 
"ampiicon". The cycles can be repeated as often as 
recuired to produce the desired level of exponential 
amplification. This process is referred to as "hairpin 
amplification". If the initial polynucleotide is actually 
a "closed circle as in Figure 12, then amplified produces 
shown in Figure IF are expected from amplification with 
3 0 primer 1 and products shewn in Figure 1G, are expected — 
amplification with primer 2. 

Conditions suitable for denaturaticn, annealing, and 

r i Vfl n h<=» "> ow . It is to be understood 
primer extension are giv_~ q- — j« 

„ • „_ m-nsKst* c— ■ <-nr±i tions are known in the 

that manv variations to tnesa c-ac-c-oaa «- 



art or can oe mac 



ie which can be applied to the single 



primer amplification me choc described herein. Such 
variations and modifi car ions are within the scope of the 
present invention and are discussed in: A. Eriich ed. "PCR 
technology: principles and applications for DNA 
amplification" , M . Stockton Press, New York (1339); m.a. 
Innis ec al., eds, " PCR Protocols: A Guide to Methods and 
Applications", Academic Press, San Diego (1990); E.G. 
Griffin and A.M. Griffin, "PCR technology: Current 
Innovations' 1 , CRC Press, Ann Arbor, (1994); and R.A. Eeles, 
and A.C. Stamps, "Polymerase Chain Reaction (PCR) the 
technicue and its applications", R.G. Lances Company, 

Ausnin (1993) . 

The complementary strand portions of the hairpin 
ccivnuciectide are denatured by exposure to temperatures of 
50°C to 1GS 3 C, preferably from about 90°C to 93 °C. 

Following the denaturation seep, conditions are 
changed so that they are suitable for primer hybridisation 
or annealing to the hairpin polynucleotide . This is 
normaiiv oerf ormed bv lowering the temperature such that 
the 3' portion of the primer binds to the primer . binding 
site on the hairs in polynucleotide. Depending on the 
sequence and length of the primer, the temperature for 
a-^^a 1 inc can varv from accrcximaceiy 20°C to 3Q°C, 
orefarabiv f rem about 40°C to 72°C. 

Following or concomitantly to ths annealing step, 
conditions are established for printer extension. This is 
usually accomplished by adjusting the temperature to 
between about S0°C and 20°C, preferably about S3°C to about 



/ 3 ° \- . 



Primer extension is generally performed ^n a currerec 
aqueous solution, preferably at a pH of 7-9, most 
preferably about 3. Nucleoside triphosphates, e.g. dAT? , 
dCTP, dGT? and TT? are also added to the synthesis mixture 
in adequate amounts and the resulting solution is heated no 
between about uQ'C and 90°C, preferably about S3°C to about 



75 °C fcr about 1 to 10 minutes, preferably from 1 to 4 
minuses, thereby resulting in primer extension. Conditions 
for primer extension are well Icncwn in the art and are 
applicable to the present invention. The extension 
reaction may in certain cases be enhanced by addition of a 
helicase, described above. Nucleoside triphosphate 
analogues, for example, 7-deaza-2' -decxy-guanosine, inosine 
or nucleotides containing biotin or fluorescein can also be 
l* s e cL * 

Tvoicaliv a three cemoerature cvcie is used in the 
method of the tresent invention, for examnle denaturinc at 
about 9 Q - 9 3 0 C , annealing at about 4 0-72°C and primer 
extension at about S3 -75 3 C . However, ether temperature 
eveies can also be used and mav be advantaceous for certain 
applications. For example, a five temperature cycle 
terrorised cf denaturation at about 90-93°C, annealing at 
about 4G-72°C, extension at S3 -7S °C, denaturation at 90 - 
93 °C to separate primer extension product from hairpin 
polynucleotide, and extension at S3-7S 3 C to complete any 
necessarv intra strand cooving may be used. * . 

In one variation, the polymerase is thermally unstable 
DNA ooivr.erasa. In this instance it is necessary to 
isolate the DMA, including the target, product and copies 
thereof after each amplification cycle. Optionally , the 
DNA may be isolated after each cycle when using a thermally 
stable DNA polymerase. 

In another variation, one or more nested prtmers are 
added to the amplification reaction mixture after one or 
more of the cycles. The probability of getting the correct 
ampiicon is increased using nested primers. Because the 
first orimer may hybridize to and be extended at unintended 
sites, use of additional primers (each closer to the 
hairpin end) after 10 to 20 cycles will selectively amplify 
the "correct" ampiicon. Either low concentrations of the 
first primer are added relative to concentrations of second 
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cr subsequent primers, or successive primers are chosen to 
hybridize at: higher temperatures and the annealing 
temoeratura is increased upon addition of successive 
urimers. Nested PG is described in Pierre, et ai, "Use o 
a reamclificaticn prococol improves sensitivity of 
detection of Mycobacterium tuberculosis in clinical sample 
bv amplification of DNA. J. Clin. Micro. , 25:712-717, 

(1991) . 

A wide variety cf methods can be used to provide the 
hairpin -oiyr-ucieccide scarring material. The hairpin 
amplification method cf the present invention can be used 
•-a amolifv hairpin cciynucieotide obtained by chase 
methods, seme cf which are described beicw. 
understood that hairpin amplification cf target hairpins 
prcvided by ccher mechcds are also wichin the scope cf the 
present invention. The "target" hairpin cr polynucleotide 
•fs a haircin or ooiynuciaccide to be amplified. A 
"temciate" is the particular hairpin being used to amplify 
the target. 

In a oref erred embodiment, the target hairpin DNA is 
obtained by providing a sample containing a double strande 
DNA and a "hairpin adapter" and ligating the hairpin 
adaoter and double stranded DNA. A hairpin adapcer has a 
ohosohcrviatad 5' end and two regions which are 

^m- 

. , en rnac t'"«v bvbridiaa as shown 

2\xz z icientJ-V ccmolamanca.-/ so u^-a— j i.y — 

in Ficure 3. Preferably, the two regions are completely 
complementary, under hybridizing conditions, the adapter 
forms the stem and loop structure characteristic of a 
hairpin. The hairpin adapter has three regions referred t 

nar.fi" Cac , iooo and stem ar 
as the cao or loop, stem a..<2 — • ' 

defined in general as for a hairpin polynucleotide . The 
end is a region ligatable to a polynucleotide. 

The end cf the hairpin adapcer stem can be blunt or 
ca- bav an overhang. A "blunt end" of a double stranded 
DNA ^s an end in which the 5' terminal decxynucieccide on 



I 



t 



'J one strand is based oaired with the 3' terrrp^ai 

decxynucisotide on the other strand. A dcubls stranded DNS 
with an overhang has a short single stranded tail excendina 
from one end, i.e. one strand is longer than other at the 
5' one end as shown in Figure 4. Figure 4A shows a 5' 4 -base 
overhang, in which the 5' end is four base pairs longer 
than the 3' end, and Figure 43 shows a 3' 2-base overhang, 
in which the 3 ' end is two base oairs loncer than the 5' 
end. Blunt ends and overhangs may be produced by 
10 ohvsicailv shearinc DMA, but tvcicailv are a reduced bv zhe 
action of restriction endenucieases on double stranded DNA. 
Examples of overhangs suitable for use in the present 
invention and the restriction endenucieases which generate 
them are given in the Table . 
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gxamoleg nf Families of Adapters 
Based on Compatible Overhangs 



Examples of 5' 2 -base overhangs 

5'-CG Aci I, flsaK I, BspD I, 3st3 I, Cla I 

HinS 1 I, -Spa II/ Afae II, Msp I, xVar 

Pspl40S I, TacJ I 
5'.~z Ase 1 , 3fa I, CspS I, tfse I, ATde I 




Ixampies of 3' 2 -base overhangs 

AT- 3 ' Pvu I, Fac I 

CG-3 ' Hka. I 

GC-3 ' Sac II 



Examples of 3' 4-basa overhangs 

ACGT-3' Aa~ II 

AGCT-3' S&c I 

CATG-3 ' Nla III, iVsp I, Sen I 

GCC-C-3 ' 3b s I, II 

GGCC-2' Aca I 

GTAC-3' Ken I 

TGCA-3' Nsz I , Psz I, SseS237 I 



Examples of blunt ends 

Alu I, 3saA I, Ssa3 I, 3sr3 I, 3SC11G7 I, £ 
Dra Z, ZclllS II, £cc4 7 III, TccR V, rsp I 
Hae III, .Yinc II, Hpa I, Afsc l f iVas I, tfla 

I, PrnI I, Pvu II, Hsa I, Sea I, 5nra I 
SnaB Z, Srf I , Ssp I, Sen I, Sva I , Xan I ■ 

Example cf a nonpaiindrcmic sequence 

3ssS I C j TCGT G 

G AGCAjC 

Other families cf restriction recognition sequen 
include palindromic penta-nucieotide sequences, inter 
palindromes and ncnpalindromic sequences • 

The end of an adapter is ligacable to a double 
stranded DNA with a blunt end if the adapter also has 
blunt end. The end of an adapter with an overhang is 
ligacable to the end of a double stranded DNA with an 
overhang if chey have compatible cohesive ends. (See 
examples in Table above) • Ligitable overhangs are re 
to as being cohesive. 
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Kairpin adapters may be of 3 to about 2000 thousand 
bases in Length, but. preferably are 20 to 50 bases in 
length. Suitable adapcers may have unpaired single stranded 
loops containing from zero (adapters with less than 4 
unoairsd bases will still have a cap cf 3-4 bases due to 
conformation constraints) to about 40 nucleotides, 
oreferabiy from zero to about 20 bases. Suitable adapters 
have stems containing from about 3 to about 2000 base 
oairs, treferabiv from about S to about 30 base pairs. 

Examples cf suitable adapters include 
5'_?-X-CAC GCT CTC CCT ATA GTG AGT CGT ATT AAG AC-C GTG-Y-3 ' 
(5ZQ ID NO: 12) , S'-?-X-CCC TAT AGT GAG TCG TAT TAA AAA ATT 
AAT ACG ACT CAC TAT AGG G-i-2' (52Q ZD NC : 13) , S'-?-2-TCA 
GTC GTA GAT GCC AAC ATT TTT _--T v^C A--- „--u Gny f-3 

(SEQ ID NC: 14) arc = ' ?-X-<~--A .iC-. i-i-i 

TAT AAA CTG TCA GAC CTT GC-Y-3' (SZQ ID NO: 15} . X and i 
each independently represent from zero to about six bases 
selected from the group consisting cf adenine, cyccsrjie, 
guanine cr thymidine and are selected so as to creace a 
blunt and, a 3/ overhang or a 5' overhang that can, be 
iigaced cc an and, preferably a restricted end, of a single 
cr dcuble stranded polynucleotide to be amplified. In a 

. - . ~. , -r ~ - " it r ~ ard v represents zero 

soeciri-C example, a «A-- c- • — — - - ^ 

bases. The 5' end of ail hairpin adapcers are 
phosphoryiaced as indicated by ?. 

~ Adaocers can be produced by any number of ways by one 
skilled in the arc. For example, they can be chemically 
synthesized, produced by restriction cf an appropriately 
constructed oiasmid or produced as multiple fragments which 
a— ^ gated tcaether (3eyert ec 3.1. , "Nonhcmoicgcus DBA end 
joining of svnthetic hairpin substrates in Xenopus iaevis 
egg extracts. Nucl . Acids M. , 22: 1643 -1530 . (1294)). 

In a preferred embodiment, a portion of the stem 
and/or loco cf the hairpin adapter has a known sequence 
that is sufficiently long to hybridize with a primer which 



can be used for primer extension by a template dependent 
Dcivmerase . As described earlier, such sequences are 
tvoicallv f rem about 15-25, but can also be lencrer, .for 
example up to abcut 200 nucleotides in length. The 
secuence of such a region is said to be " complementary to a 
sequencing primer." Suitable sequences for such regions 
include these complementary to standard primers such as the 
T7 promoter, the S?5 promoter, XgtlO forward, Actio 
reverse, Xgtll forward, Xgtll reverse, M13pCC forward, 
Mi 3 /oCJC reverse, C3R3 22 clockwise and p£?.222 
counterclockwise . The ability to bind a primer to the 
hairpin adapter allows die determination cf the sacusncs 
adjacent to the hairpin adaptar following hairpin 
amplification. This is particularly useful in DNA, gene or 
chrcmcscme walking inco unknown flanking regions . Figure 5 
shews the ligation of a hairpin acaptar to rascriccad DNA 

(oanei.s A a 3/ a^ii--caL*- i . ric* — - — ww-/**i 

(panels C £ D) , and sequencing from the hairpin acapcar 
crimer site to obtain sequence information adjacent to tna 
hairpin adapter (panels Sir!. Primer binding sites are 
shown as double lines. Sequencing methods such as the 
Sanger method and cycle sequencing are known to those 
skilled in the art. Cycle sequencing is preferred. 

The S ' -phosphoryiatad hairpin adapter may be ligated 
to single or double stranded polynucleotides using 
conditions well known to these skilled in the art. 
example, T4 DNA ligase is commonly used, and protocols for 
blunt ligation and ligation cf cohesive compatible end 
shave- been described by 5. Berger and A. ?.. Kimmei editors, 
"Guide to molecular cloning techniques" (Mechods in 
Enzvmclogy Vol 152, (1987)), and J. Sambrook, E. F. 
Fricsch, and T. Maniacis, "Molecular cloning, a laboratory 
manual, second edition (Cold Spring Harbor Laboratory 
Press, (1989)). T4 RNA ligasa may be used for joining 
single stranded RNA and DNA molecules as described in. P. 
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Rcmaniuk and 0. Uhienbeck, Methods in Enzyme logy Vol 1QQ, 

Science, 255:992-997, (1992) . 

A 11 sample" can be bicicgicai material containing 
double stranded DNA that has a blunt end or a restricted 
end, single stranded DNA, or RNA. 3iolcgicai material can 
be an isolate from prokaryotic or eukaryotic cells. 
3iolocicai material can also be an isolate taken from a 
virus. Alternatively, a sample can simply be double 
stranded CNA having a blunt end or a restricted end, single 
stranded CNA or RNA. The polynucleotide can be genomic DNA 
from a eukarycte, prokaryote or virus, DNA from an 
organelle such as a mitochondria, or fragments and 
modifications thereof, or 3NA from the same sources. 
Alternatively , the eclvnucieotida may be synthesized by 
chemical cr enzymatic means. 

Double stranded DNA for ligation to an adapter is 
tv-oicaiiv obtained by digesting a large DNA fragment with 
one cr mere restriction endonucieases . Digestion by 
restriction entvmss leaves one cr more double stranded DNA 
fracments, often thousands, having ends with known 
overhangs (or with ends known to be blunt) . A hairpin 
adaoter havinc an end ligatabie to the one or more double 
stranded DNAs is provided ar.d iigated to the double 
s branded DNA. Typically, ~cre than one fragment having the 
same overhang (cr blunt end) will result,' and the adapter 
will ligate to each end of each of these fragment, 
resulting in a mixture of circular target DNAs for hairpin 

acnplif icacicn. 

Hairpin amplification -echoes are ideally suited to 
DNA, gene, or chromosome walking by amplifying unknown 
flanking regions. DNA is purified from the organism and 
divided into about 2 to 20 cools. Each pool is restricted 
with a different restriction endonuciease . Appropriate 
hairpin adapters are iigated co the DNA in each restricted 
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pool. A single primer (cr a set: of nested urimers) is 
designed which hybridizes with a region of known secuence. 
The primer is used to perform a hairpin amplification 
reaction on an aliquot cf each pool. The amplified 
5 products from each cf the reactions is examined by 

separating on an agarose gel. In walking, the product 
producing the longest amplicon is preferred for sequencing. 
Using optimized ?CR protocols, it may be possible to 
hairoin amplify segments of over 10 kilo bases. Sequencing 

10 using a primer to the hairpin adapter (ail adapters are 

chosen to differ only at the ligatabie end region) produces 
secruence information furthest away from the starting recicn 
of the amplification primer. Cnce the sequence adjacent to 
the adaoter is determined, a new walking primer (or nested 

15 orimers) is designed and synthesized and a second walk 
oerformed. The new crirner is used to perform hairpin 
amplification of an aliquot of each pool except the one of 
the preceding walk. Walking may be repeated any number of 

t ITiSS . 

2 0 In another cref erred embodiment, hairpin DJTA is 

obtained from single stranded D2IA by denaturaticn, followed 
bv exocsure to a xsscchilic CNA polymerase such as Z. cell 
DNA polymerase Xiencw Fragment ac camper acure from about 
10 °C Co about 20 °C, preferably ac about 13°C for about 1-24 

25 hours, preferably abouc 4 hours. Spontaneously formed 3' 
hybridization Iccps are extended as shown in Figure S. 
This scandard method for making the second scrand of cDNA, 
is described in U. Gubler, "Second- scrand cDNA synchesis: 
classical mechod" , (Mechcds in Snzymciogy, 152:325-329, 

30 (1937) . 

In another preferred embodiment, the hairpin 
polynucleotide is obtained frcm a single stranded 
polynucleotide having a shepherd's crook at the 3' end. A 
"shepherd's crook" is a loop ac one end of a single 
stranded oolynucleocide which is a scable conformation at 
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ambienc temperature and at normal ionic strengths, e.g. 

ionic strengths used for primer extensions. A 3'- 
shepherd' s creek is a locp formed when at lease Che three , 
and preferably tan or more terminal nucleotides of a single 
stranded polynucleotide base pair back onto a portion of 
the single stranded polynucleotide as shown in Figure 7, 
Typically, the portion of the polynucleotide to which the 
terminal nucleotides bind is located near the 3 ' -end and 
forms a small loop, e.g. a loop of less than 100 bases, 
orefarablv 4 to 20 bases. 

A 3 ' -sheoherd' s crook polynucleotide is transformed 
into a hairpin polynucleotide by exposure to a template 
dependent ooivmerase and nucleotide triphosphates under 
conditions for primer extension. Conditions for simple 
primer extension are well known in the art, (see S. L. 
3ergar and A, R. Ximmei, "Guide to molecular cloning 
cechnique :l (Methods in Zncymciegy, Vol 152, (1937) and J. 

SamsrooK, ^ . r. — ^ — t * — ^ , ♦ 

cicninc, a laboratory manual, second edition (Cold Spring 
Harbor Laboratory Press, (1399) ) . 

In another preferred embodiment the hairpin 
coivnucieotide is obtained from a single stranded 
cclvnuciectide eatable of forming a shepherd's crock a- the 
S' end (Figure 3). The definition of a 5 ' -shepherd' s crook 
and leep size is Che same as for 3 ' -shepherd' s crook except 
that the loop is at the 5' end. The single stranded 
polynucleotide is combined with a templace dependent 
polynucleocide polymerase, nucleoside criphesphaces and an 
excess of a single polynucleotide primer capable of 

HVCr-tl2ItC wC a Slur Cii i — _ — >***w» 

suitable for primer extension. The hybridizing site is 
preferably located as near the 3' end as possible. The 
combination is then exposed to conditions suitable for 
primer extension, as described above, thereby producing the 
hairoin colynuciaocide . In. certain applications it may be 



necessary to add an additional seep of denaturaticn to 
dissociate a polynucleotide capable of farming a 3' 
shepherd's crook which can be converged to the hairpin 
poiyuciectide as described above . 

In another preferred embodiment, the hairpin DNA is 
obtained from extension of a primer (probe) on a targe" 
oolvnuciectide as shown in Figure 17. In panel A is shown 
a sinole stranded taroet polynucleotide with regions A to 
D. At the 3' end of the probe is a sequence complementary 
to A on the target. At the 5 ' end of the probe is a 
secuance identical to that of 3 on the target. If the 
tarcet coiynuciectide is double stranded, it is denatured 
to vield sincie stranded target. The probe is then ailowec 

to nvondize to tne u^r-et:, r-gu_e -/ ^<=.n — 

is then exposed no a template dependent: polynucleotide 
ccivmerase under conditions which allow probe extension at 
least to the 5' end of region D on the target, Figure 17 
canei 3. Denaturaticn leads to strand separation yielding 
the extension product in Figure C. This extension product 
is a 5' shepherd's crook and can be amplified using a 
primer D, complementary to extension product region D' a- 
described above to yield the products shown in Figure 17 
pane- . 

In another oref erred embodiment, the hairpin 
coivnucieccice is obtained from mBHA (Figure 9). The mHNA 
is combined with a primer and raversa transcriptase or DNA 
polymerase under condicions suitable fcr reverse 
transcription, thereby producing cBNA hybridized to the 
mRNA (Figure 93 and C) . Such conditions are well known in 
sr ._ ar j (-3^ >; S found in, for example 3. L. 3erger and 
A. R. Kimmei, "Guide to molecular cloning technique" 
(Methods in Enzymclogy, Vol 152, (1937) and J. Sambroolc, 2. 
F. Frit sen, and T. Maniatis, "Molecular cloning, a 
laboratcrv manual, second edition (Cold Spring Harbor 
Laboratory Press, (1989)). ?Ha reaction product is exposed 



PCT/US9d/11948 



-24- 

to conditions suitable for removing the RNA from the cDNA, 
for e:canrcie by combining with Rihonuciease H, or by 
treatment with alkali, as described in the above references 
(Figure 3C i D) . The single stranded cDNA is combined with 
a mixture of hairpin adapters, (Figure 9E) . Each adapter 
has a phcsphorylated 5' end and a 3' overhang from 1 to 
about 15 nucleotides, preferably three or four nucleotides. 
The secuence of the overhang in the mixture contains ail 54 
three base combinations, or ail 255 four base combinations 
of adenine, guanine, cytosir.e and thymidine (or uracil) (or 
anaiccues thereof, such as inosine, which may reduce the 
number cf required adapt: er 3 in a mixture) . Ai lease one 
adaccar hvhridizes co che cDNA under hybridizing 
conditions. This adapter can then be iigated to the cDNA , 
zr^ , — ^ :ri -^su 1 tincr in a sincie stranded DNA wich a 
shssfcsrd's creek "he 3' end, (Figure 9?). This DNA car. be 
converged incc hairpin DNA by extension cf cne 3' ass. witr. 
DNA ccivmerase, (Figure 3G5 , as described above. 

"•his method is aooiicahie to a mixture of mRNAs, zrorn 

- - * - k -hma c- 4 c n^rucod i ^asc cne adaoter 

wn^on a Picture on cDnas la p-wcuc — „. --- 

^ r *_ A a can hybridize to each cDNA, allowing the 

croducticn cf a mixture cf hairpin polynucleotides, 
-ixture cf hairpin polynucleotides can be amplified using 
Che primer used fcr first: strand synthesis of che cDNA co 
ilifv all cDNAs . If the hairpin adapcer and che primer 
for cDNA svnehesis are chosen or designed co possess 
appropriate restriction sices, Chen Che amplified cDNAs may 
be'aasilv cloned inco a vector following restriction. 

If amplification of a specific cDNA is desired, and a 
primer specific for chac cDNA is known, Chen such a 
specif ic" primer may be used for hairpin amplif icacion. 
Following hairpin amplif icacion and isolation of Che 
amplified product, Che 3' end of che cDNA may be sequenced 
usinc a primer csmplemeacaty to a primer site on che 
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hairpin adapter. Direct: sequencing without cloning is often 
aesiraoie . 

In another embodiment , the hairpin polynucleotide may 
be produced from any single stranded RNA or DNA. Hairoin 
amplification will require knowing the sequence of a region 
of the single stranded RNA or DNA for constructing a orimer 
for hairpin amplification- This is shown in Figure 10. A 
hairoin adapter with a 5' overhang cf about S -13 bases, 
preferably 12, and a phcsphorylated 5' end can be ligated 
to the 3' end of single stranded SNA or DNA using ?4 RITA 
iicase as described (?. Rcmaniuk and 0. Uhienbeck, Methods 
in Snzyrcoicgy, vol 10Q , (1932); and M . J- Mcare, and ? . A. 
Sharp, Science 250:552-957, (1592)). If single stranded 
DNA is used, the crccucc is a 3 ' -shepherd' s crook which is 
converted to a hairpin polynucleotide as described above. 
If single stranded RNA was used, a reverse transcriptase or 
DNA ooivrrterase with reverse transcriptase activity such as 
that from Themus chezrzcphllus (described in Ju-plificaziciis 
issue 12, Perkin Ilmer Corporation (1994)) may be used for 
orimer extension. Digestion with ribcnuclease E or. alkali 
would vield a 3' shecherd's creek which is converted to a 
haircin coivnucieocide as described above . Alternatively, 
a hairpin, adaoter wish a 3' overhang cf abcut 5-13 cases, 
preferably 12, can be ligacad to tha 5' end of a 5' 
phcsphcrylaced single stranded RNA or DNA using T4 RNA 
ligasa as described above. If single standee DNA is used, 
Che produce is a 3' shepherd' s crook which is converged to 
a hairpin ooiynucieotide as described above. If Single 
scranded RNA is used, a reverse transcriptase or 
appropriate DNA polymerase, as described above niay be used 
for primer extension. Digestion with ribonuciease H or 
alkali would yield a 3' shepherd's crook, which is 
converted to a hairpin polynucleotide as described above. 

In another preferred embodiment, the hairpin 
ooivnucleocide is obtained frcn enzymes thac produce 
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hairpin DNA from double stranded DNA. Fcr example, 
Vaccinia virus nicking- joining enzyme nicks, cleaves, and 
cordis a hairpin loop at specific sices of suitable DNAs (M . 
X. Reddv and W. R. 3auer, "Activation of the Vaccinia- virus 
nick- joining enzyme by trypsinizatior." , J. Biol. Chem. 

254 :443-449, (1999) ) - 

Another embodiment of the present invention is a 
method of detecting a double stranded polynucleotide in a 
sample suspected of containing a double stranded 
coivnuciaotide. The double stranded polynucleotide is 
creferably DNA, and can be restricted DNA, i.e. DNA 
obtained bv digestion of DNA with one or rr.cre restriction 
endonucieases . A hairpin adapter having a phcs?hcr-/iated 
5' end suitable for I i gating to the end of the double 
stranded polynucleotide, as described above, is combined 
with the sample under iigating conditions, as described 
above. The adapter iigates to the double stranded 
oaivr.uciectide, if present, to produce a hairpin . 

co-ivnuc-iecc-ae . ine na—--a ?■ — < » — - 

then amplified by the hairpin ampiif ication method of the 
present" invention. A sufficient number of cycles are used 
so that amplified product can be detected if the starting 
ooivnucleotide is oresent. The presence or absence of 
amplified product is assessed, wherein its presence 
indicates that double stranded DNA is present in the 
sample. The presence of the amplified hairpin product can 
be detected by means known in the art, such as by using a 
radiolabeled primer, a primer with a fluorescent label or a 
bictinylated probe, according to methods known in the art. 

Another embodiment is a method of detecting the 
oresence or absence in a sample of at least one specific 
hairpin polynucleotide. The method comprises the same 
steos as the method of detecting a double stranded 
ooivnucleotide in a sample, except that the ligation step 
can be omitted. 
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Also provided is a kit: comprising a ligase and a DNA 

hairpin adapter. Hairpin adapters are described above. The 

kit can additionally comprise a restriction sndonuclease 

appropriate for the included hairpin adapter, in another 

aspect:, the kit additionally comprises a restriction 

endonuciease and a template dependent polynucleotide 

polymerase, A sequencing primer complementary to a portion 

of the hairoin adaotar can also be included. The kit can 

« «* 

also comprise one or more of the following components : 
buffers, nucleotide triphosphates and control reagents. 
The invention is further illustrated by tne following 
examples, which are not intended to be limiting in any way. 



;XZMFLI?rCATtCIT 
Adacters and primers shown in Figure 11 were 
13 svnthesized commercially bv automated DNA svnthesis 

(Midland Certified Reagent Co., Midland, Texas). Adapters 
were phcsphoryiated on the 5' -end as indicated by a "?" . 

The target DNA for the exponential amplification 
reactions of the following examples is shown in Fig 12. 
20 153. rDNA is shewn as double line. The position of the 
restriction sites for iTecR I and Age 1 and the primer 
binding site for primer C72 are indicated. 
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Sxanrole 1 
I-Iairoin Amolif ication cf Tarcgr 
)NA Ccmcrisinc Adapter C78 Heated to ccjg r Restricts 
coli pgr A usincr Primer C72 and Thermos *auacicus 
DNA Polymerase, and Sequencing nf 
Amplified product using Primer 395. 



DNA Purification 

DNA was purified from 2. coll strain NM522. Calls were 
scraced from one oiata and suspended in 1 ml of Ivsis 

" — * 4* 

10 buffer containing 10 mM Tris HCi, pH 7.5, 1.0 mM 2DTA , 0.5% 
Tween 20 and 200 fig/ ml proteinase K. The suspension was 
incubated at 55 3 C for 2 h. The proteinase K was 
inactivated bv heatinc to 35 3 C for 10 minutes. Protein was 
removed from the lysis solution by phenol/chloroform 

15 extraction as described by Samhrcak et al., 1939 (vol 3, 
co 2.3- 2.4) . DNA was crecioitacad bv addinc 1/10 vol 
sodium acetate (3 M pH 5.2) and 2 volumes ice cold absolute 
ethanoi . The orecioitate was collected bv cent rifucati on. 
DNA was ra- suspended in 10 mM Tris buffar sH 7.5. • 



\ 



20 . Restriction - DNA from 2. coli was restricted with 

2ccR I (NS3) using enzyme and buffers obtained from New 
Zngiand BicLabs. DNA was restricted overnight using 20 U 
cf enzyme at 37°C. Completeness of Che restriction 
reactions were checked by electrophoresis of a portion of 

25 the DNA on 1% agarose and staining with athidiurrt bromide. 
The digested DNA was extracted with phenol /chloroform and 
precipitated with ethanoi (Sambrook et ai., 1939) . DNA was 
re-susoended in H.O at a concentration of 0.5 pig/jil as 



determined bv CD 



ISO 



30 Ligation Reactions - 

the following: 1.0 fig rest 
adapter C73, IX Ligase 3uf 



The reaction mixture contained 
rioted 2. coll DNA, 4 fiH hairpin 
f er, and 13 Weiss Units- of T4 DNA 



ligase in a final volume of 50 /xi . The mixture was 

incubated at 15°C overnight. Completeness of the lication 

reactions were checked by electrophoresis of 5 /il of the 

DNA on 4% agarose and staining with ethidium bromide. 



Hairpin exponential amplification reaction . Ficure 
13A is a diagram showing the target DNA ligaced to hairpir 
adapter C73. Hairpin adapter C78 is shown as a double line 
the E. cell rDNA is shown as a single line. Location of 
primers C72 anc rSo are snewn cy snort single -ir.es 

adiacent to their ccmolementarv target scrands . The 

~ ■* . 

reaction mixture contained the following: i /i>t primer C72, 
approximately 250 ng of hairpin DNA, 2.3 units 7he™us 
ticus Airpliraq 3 DNA polymerase, 20G -iM each of the 
dNTPs, 2 mM MgCl 2 , and IX buffer in a final volume of 3 2 
al . A wax bead hot start proceed was followed in which 
reagents other than polymerase and target DNA were added z 
the reaction tuhe . A wax bead was added and melted at 3G°C 
for 5 minutes then solidified at 3 5°C for 10 minutes. The 
remaining reagents were added on top of wax. P.eacticn was 
initiated bv heatinc to 95° C for 4 minutes followed by 4 0 
cycles of denaturation 95 °C for 1 minute, annealing at 4 3' 
for 1 minute, and extension ac 72°C for 1.5 minutes with 5 
seconds cer cycle added to extension times. Reaction was 
followed by extension for 20 minutes at 72°C. 

Secuencs arrclicon using primer The hairpin 

adaoter crimer 39S was used to sequence from the hairpin 
adaoter C73 in a 5' direction. Cycle sequencing was 
performed using a fmol'^ DNA Sequencing System (Promega 
Core . , Madison, WI) following manufacture ' s instructions . 
Figure 123 shows chs adapter end of the expeccad ampliccr. . 
Hairpin adapesr C73 is shewn in hold uppercase. &. call 
153 rDNA fracmenc is shown in lower case. The full hairpi 
amolicon would axcand Co Z. coli ocsirior. 150 9, for a coca 
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langth of about 857 base pairs. The sequence of the 4 
bases of the haimin can is actually excecced to contain 
the bases shown and the complementary sequence. Agarose eel 
electrophoresis of the amplicon showed a band at 
5 approximately 357 base pairs, but did not show a band at 
atrcrcximataly 1714 base pairs. Based on this result, the 
oraduct of amplification is a single stranded DNA in the 
form of a hairpin, and net a double stranded DNA typically 
observed in PCI amplifications . 



10 



At z errn z ~ to enhance reading off of adacter 



The 



20 



hairpin amplicon was digested with either SI Nuclease or 
Excnuciease ZZZ so that the sequencing primer would have a 
single stranded target rather than a hairpin target. 
Hairpin amplicon produced as described above was digested 
with 31 Nuclease or Excnuciease III (?romeca) using bufzers 
and protocols supplied from the manufacturer. When 
secuencinc from orimer 396, over 3Q0 bases could be read 
(bases = = 0-1010) for die unmodified arapliccn and both the 
Si nuclease or excnuciease III digested art?..:, cons*. • The 
sequence read from die digested ampiicens was clearer than 
the - undicestad arr.clicons . 



25 



Sxamole 2 
gairain Anralif jeation cf 
T ? _r=r*t DN* Camcris^g Adaoc- ~ C77 Licatad to EcsR I 

-; a<?r ~-i, G rad E. eeli DMA usin g Primer C72 and 
Themus aauaciens DNA Polymera se Stoffel Fragment 
and c~-v— r'r-a o f im^ifiad yndiic;-. usincr °rif*er 33 5 
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nwa mirifieation. DNA was purified from S. call 
strain MC10S1 as described in Example 1. 

wr-ic-ion. DNA from 2. coli was restricted with EccR 
I (NE3) using enzyme and buffers obtained from New Saglanc 
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BioLabs . Five /xg DNA were restricted overnight using 10 U 
of enzyme at 3 7°C. Ccmpieteness of the restriction 
reactions was checked by electrophoresis of a portion of 
the DNA on 1% agarose and staining with ethidium bromide. 
The digested DNA was extracted with phenol /chloroform and 
precipitated with ethanol (Sambrook et al . , 1989) . DNA was 
re-suspended in H 2 0 at a concentration of 0.5 {ig/p± as 
determined by OD 2S0 . 

Ligation Reactions. The reaction mixture contained 
the following: 0.5 ug restricted E . coll DNA, 2 uM hairpin 
adaucer C77 , IX Licase Buffer, and 3 Weiss Units T4 DNA 
licase in a final volume of 50 ui . The mi;cture was 
incubated at 15 °C overnight. Completeness of the ligation 
reactions were checked by electrophoresis of 5 /il of the 
DNA on 4% agarose and staining with ethidium bromide. 

Hairpin exponential amplification reaction. Because it 
wag realized that the 5' -3 7 exonuciease activity of Therrrus 
acrua tzicus DNA polymerase could potentially degrade template 
hairpin DNA, Thermus aouazicus DNA polymerase Stoffel 
fragment which lacks the 5 '-3' exonuciease activity was 
used in the experiment of this example. Figure 14A .is a 
diagram showing the target DNA ligated to hairpin adapter 
C77. Hairpin adapter C77 is shown as double lines, the S. 
coll DNA is shown as a single line. Location of primers 
C72 and 33 S are shown by short single lines adjacent to 
their complementary target strands. The reaction mixture 
contained the following: 1 uM primer C72, 250 ng hairpin 
DNA, 2.5 units Thermus acmaticus DNA polymerase (AntpllTaq^) 
Stoffel fragment, 200 y.M each of the dNTPs 3 mM MgCi. and 
IX buffer in a final volume of 82 /il. A wax bead hot start 
protocol was followed in which reagents other than 
oolvmerase and target DNA were added to the reaction tube. 
A wax bead was added and melcad ac 80°C for 5 minucas than 
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solidified at 35°C for 10 minutes. The remaining reagenc 
were added on cop of wax. Reaction was initiated by 
heating to 95°C far 4 minutes, followed by 4 0 cycles of 
denaturation 95 3 C for 1 minute, annealing at 45°C for 1 
; minute, and extension at 72°C for 1.5 minutes with 5 . 
seconds per cycle added to extension times. Reaction was 
followed by extension for 20 minutes at 72°C. 

Secuer.ce cf hairoin amolicon using primer 33 5. The 
hairoin ampliccn was sequenced up to and around hairpin 

) adapter C77 using primer 33 S. Cycle sequencing was 
performed using both a modified Ther^us acuaticus DNA 
ooivraerasa kit (fmol^ BNA Sequencing System, Prcmega Corp 
Madison, WI) and a modified rher^c coccus literal is DNA 
polymerase (Circumvent™ Thermal Cycle ONA Sequencing Kit, 

= New England 3ioLabs, Beverly, MA) fciicwing manufacturers 
instructions. Figure 143 shows che adapter end of the 
expected ampliccn. Hairpin adapter C77 is shown in bold 
usosr-ase. E. coli 153 rDNA fragment is shown in lower 
case. Full hairpin ampiiccn would extend to S. coli 

) ccsiticn 1509, for a total length of about 352 base pairs 
The. sequence of 21 bases in the hairpin cap is actually 
exoected to contain bases shewn and the complementary 
sequence. Primer 33S (JET. coli 153 rRNA position 739-805, 
reverse orientation) gave the following read: matched S. 

i coli sequence from 78S-S75. Sequence for hairpin adapter 
was GTGCGAGAATTATGCTGAnnnnnnnnnnnnnnnnnCTTAA (SSQ ID NO: 
15) . The following sequence was readable past aaapter 
GnTCCACATCGCCaCTTTACGCaTCTCTAG (SZQ ID NO: 17) . Sequence 
beyond this point was indistinct. The sequencing gels we 

) more distinct using the Circumvent" Thermal Cycle DNA 
Sequencing Kit than the foal 9 DNA Sequencing System. 
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Example 3 
Hairpin Amplification of 
Target DNA Comprising Adapter C73 Licated ro Eo^ r 

Restricted E. ccli DNA using Primer C72 
Ther-ius acuazicus DNA Polymerase Stof fel rracmg^- . 
and Sequencing cf Amplified product usinc Primer 33 5 
DNA purification, restriction, and amplification were 
perf ormed as described in Example 2 . Ligation was also 
performed as described in Example 2, except that adapter 
C73 was used in place of adapter C77. Figure 15 is a 
diagram showing the target DNA ligated to hairpin adapter 
C73 . Hairpin adapter C73 is shown as double lines and the 
£ . ccli DNA is shown as a single line. Location cf primer 
C72 and 33 5 are shewn by short single lines adjacent to 
their complementary target strands. 

Sequence amp 1 icon usinc primer 335. The amp 1 icon was 
sequenced up zo and around Hairpin adapter C73 using primer 
33 5. Cycle sequencing was performed using both a fzicl® 2NA 
Sequencing System (Promega Corp., Madison, WI) 
Circumvent :y Thermal Cycle DNA Sequencing Kit (New England 
SioLabs 3 ever! v. MA) following manufacturers instructions. 

T-s^ — »-d of the expected amplified product is 
the same as in Example 1 (Figure 133) . 

Sequencing usinc primer 335 (E. coli 153 rRNA position 
73 9-30 6, reverse orientation) matched £\ coli sequence from 
735-575. The sequence for the adapter was 

GGGATATCACTCAGC nnAnTnnnnnnnnnnnGCTGnGTGATATCCCTTAA ( SEQ -D 
NC : 13) . The following sequence was readaoie oast adapter 
GGTCCACArC-CZAC~AC-CATCTCTAC-ACCTCCTTATC-GCCACC ( SHQ ZD NC : 

19) . 
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Example 4 

Hairoin Amplification of Target: DMA Comprisinc Adao car Di5 
liaated zo Acre I restricted S. ccli DNA using orimer C72 
and a Thermo access llcoralis DMA polymerase lacking 
excnuclease activity, and secuencina of amplified product 
using primers 3jS and D13 

DNA was purified from coli as described in Example 

2. 

Restriction. DNA from E. call was restricted with Ace 
I (NEB) using enzyme and buffers obtained from New England 
3ioiabs. rive DNA were restricted overnight using SO u 
of enz'/me at 27°C. Completeness of the restriction 
reactions were checked by electrophoresis of a portion of 
the DNA on 1% agarose and staining with ethidium bromide. 
The dioestsd DNA was extracted with phenol/chiortiorm ana 
precipitated with ethanol (Sambrock et al., 1533; . DNA was 
resusoended in KvO at a concentration of 0.5 fig/xl as 
determined by CD- S0 . 

* 

Ligation Reactions . The reaction mixture contained 
the. following: 0.5 restricted S. coli DNA, 4 nM hairpin 
adapter D15, 12 Ligasa Buffer, and 1.2 Weiss U iigasa in a- 
final volume of 30 -jil. The mixcure was incubated at 15 a C 
overhigh: and than ac 63 a C for 10 rain. Csmplscsness of the 
ligation reactions were checked by electrophoresis of 5 til 
of cha DNA on 4% agarose and staining with ethidium 
bromide . 

iJri A ft . a , .; a -i auto^ if ica" '-on r^so-ion. For this 

experiment, a different DNA polymerase was chosen to 
demonstrate that multiple polymerases can be used in the 
present invention. 3ecause enzymes which produce strand 
displacement are thought to facilitate the amplification, 
an enevme from rierac coccus lizoralis was selected (H.M. 



Kcng, seal., J". Biol. Cham., 253:1555-1975 (1393)). The 
enzyme used lacked bach 5' -3' and 3' -5' endonuclease 
accivitv. Figure ISA is a diagram shewiner the carpet: DNA 
iigated Co hairpin adapter D15 . Hairpin adapter DI5 is 
shewn as a double line, and the Z. coll rDNA is shown as a 
single line. Location of primers C72, 33 5 and D13 are shown 
bv short: sincle lines adjacent to their complementary 
tarcec strands . The reaction mixture contained the 
followinc: 5 ul ligation reaction product, Q .2 mM d*TT?s, 1 
uM primer C72 , IX ThermcPci Reaction buffer [10 mM KZ1, 20 
mM tris-HCi (pK 8.3 at 2S 3 C), 10 mM (3JE«} = SO,, 0.1% Triton 
X-100] , and 2 Units Vent(exc-) DNA polymerase (New England 
BicLahs, Beverly, MA) . A wax bead hot start protocol was 
followed in which reagents other than polymerase anc target 
DNA were added to the reaction tube. A wax bead was added 
and melted at 30 °C for 3 minutes then solidified at 3 5 
^o~ 1 0 mi' 7 . The remaininc reagents were added on top c: 
wax. Reaction was initiated by heacrng to 3S 3 C tor 4 
minutes, followed by 40 cycles of denaturaoion 96 3 C for 1 
minute, annealing at 33 3 C for 1 minute, and extension at 
72 -c for 1.5 minutes with 5 seconds per cycle added to 
extension times. Reaction was followed by extension for 20 
minutes ac 72°G. 

Secmence amoiicon usinc orim er D13 and 335, The 
amplicon was sequenced up to and around Hairpin adapter D15 
using primer B3S. The hairpin adapcer primer D13 was used 
to sequence from the hairpin adapter D15 in a 3' direction. 
Cvcle secuencinc was performed using a Circumvent™ Thermal 
Cvcie DNA Sequencing Kit (New England BicLabs, Beverly, MA/ 
following manufacturers instructions. 

Figure 153 shows Che adapcer end of the expected 
amoiicon. Hairpin adapter D15 is shown in bold uppercase.^ 
E~ coll 153 rDNA fragment is shown in lower case. The full 
hairpin would extend to S. cell position 1309, for a total 
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length cf about: 310 base pairs. The sequence cf the 4 
bases in the hairpin cap is expecoed co contain the bases 
shown and the complementary sequence. 

Secuencing using primer H3S (£. coli 153 rHNA position 
799-300, reverse orientation) matched coli sequence from 
732-713. The sequence for the loco was 

AGT CAG CAT CTAC3GTTGTTTTnnr^innnnAGAT G CT G (SZQ ID NO: 20) . 
Tjia secuencs beyond this point was indiscinc t> . 

Sacuenci-c using primer D13 (identical to 3 '-13 bases 
cf D15 and therefore complementary to 5 '-cases 5-22 of 
adaotari cave clear sequence from coll positions 74 0 co 
1085 ( about 350 bases) , except that base 770 was indistinct 
(N) and GGs at 902-3 and 941-2 were compressed. 

Soma excsriments attempting hairpin amplification of 

r, DNA 

.^i.^-s" -d=-==""3, failed when ccsitive controls did net 

• 1 • 

work. For example, wnen se„ — w- ac*- — 

— <r d«m— s — "-d (as seen bv doubling of molecular 
weight cf self iigated vs uniigated adapter on 4% agarose 
gel) , or when "he polymerase control did r.oc produce a 
oroduct (?C?. reaction was performed using same polymerase, 
target DNA, buffer, and sarr.e primer as used for hairpin 
amplification, but with addition of a second primer chosen 
to amuiify a tnajority of coca! hairpin DNA) , Chen no 
hairpin amplification was seen. Other experiments rai-ec 
in which there were no positive controls. It is believed 
that these failures were methodological and due to lack of 
adapter ligation, or improper reagents for amplification 
reaction where the ?CR control would also have failed. 



., „ , — ■: acs2C a, "5 described above, or 
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) Scraivalents 

These skilled in the art will know, or be able to 
ascertain using no more than routine experimentation, manv 
equivalents to the specific embodiments of the invention 
5 described herein. These and all other equivalents are 
intended to be encompassed by the following claims . 
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CLAIMS 



xs ciaxmec is : 

A method of producing at lease one copy of a hairpin 

polynucleotide comprising the seeps of: 
*> » 

a) providing at one lease hairpin polynucleotide; 

b) combining the hairpin polynucieocide of (a) with 
a template dependent polynucleotide polymerase, 
nucleoside triphosphates and an excess of a 
sincie polynucleotide primer that is capable of 
hvbridizing to a site on the 3' portion of the 
hairoin polynucleotide and that is suitable for 
^i^a* av-ansici such that an extension croduct 
synthesized from the single printer can serve as a 
template for synthesis of an extension product of 
the single primer; 

c) disrupting the base-pairing of the haxrpxn 

,,^t acC ' de, therebv disassociating the two 
complementary segments or tne naxrpxn 

COX < =2 ' — / 

d) exposing the polynucleotide of (c) to conditions 
aiiowinc ac iaast the 2 ' portion cz 
polynucleotide primer to hybridize to the primer 
sice cn the hairpin polynucleotide; and 

e) exposing che polynucieocide hybridized to the 
primer to conditions suitable far primer 
extension, thereby producing a complementary copy 
of the hairpin polynucleotide as the extension 
product . 

The method of Claim 1 wherein seeps (c) , (d) and (e) 

- _ *. i fla< -- a therebv crocucitc an 

repeated at i=aSu c^c— / u*ic-«wv w—w**h*w— 

_ , i c- t^e ^airpin oolvnucleotide and the 

amp-LX— xcau—cn w i— — 

extension product . t 



The method of Claim 2 wherein the hairpin 
polynucleotide is hairpin DNA and the template 
dependent ccivnucieotide cclvmerase is a DNA 
coivmerase . 

The method cf Claim 3 wherein a nested primer is added 
after a step (c) , (d) or (e) . 

The method of Claim 3 wherein the hairpin DNA is 
obtained by the following steps: 

a) providing a sample comprising a double stranded 
DNA; 

b) oroviding a DNA hairpin adapter with a 
chosohorvlatad 5' end and which is iigatabie to 

^ ^ 

an end cf the double stranded DNA; 

c) -ca- ; nc the double stranded DNA and the adapter 
DNA, thereby producing the hairpin DNA. 

The method of Claim 5 wherein the adapter has a blunt 
end or an end ligitable to restricted DNA. 

The meohod of Claim 5 wherein the adapter is a 5 ' 

chosohcryiatad oligonucleotide having a sequence 

selected from the group consisting of: 

X - CACGCTCTCCCTATAGTGAGTCGTATTAAGAGCGTG- Y , • 

X - CCCTATAGTGAGTCGTATTAAAAAATTAATACGACTCACTATAGGG- Y , 

X - TCAGTCGTAGATGCCAACATTTTTGTTGGCATCTACGACTGA- Y and 

X - GCAAGGTCTG ACAGTTTATAATATTATAAACTG7 CAGAC CTTGC - Y , 

wherein X and Y each independently represent from zero 

to six bases selected from the group consisting of 

adenine, cytcsina, guanine and thymine. 



The method of Claim 7 wherein X is AATT or CCGG and Y 
represents zero nucleotides . 
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9. The method of Claim 5 wherein Che double stranded DN£ 
is obtained from double stranded DNA which has been 
cleaved with one or more restriction enzymes. 

10. The method of Claim 9 wherein the sample comprises a 
mixture of DNAs . 

11. The method of Claim 10 wherein the adaoter 
additionally comprises DNA having a sequence that is 
complementary to a sequencing primer. 

12 . The method of Claim 11 wherein at least one amplified 
hairoin DNA is seoarated from the mixture. 



13 . The method of Claim 11 wherein the CNA is secuenced 

using a primer complementary to a primer binding site 



14 . The method of Claim 3 wherein the hairpin DNA is 
15 obtained from a single stranded polynucleotide by che 

steps cf: 

a) exocsinc a sinoie stranded coivnuclectide to 
denaturing conditions; 

b) exposing the product of (a) to self -hybridizing 
20 conditions; and 

c) exposing the product of (b) to conditions 
suitable for extending the 3' end of the 
ocivnucieotide, therebv oroducinc the hairoin 
ooi -/nucleotide . 

25 15. The method of Claim 2 wherein the hairpin 

polynucleotide is obtained by the fallowing steps: 
a) providing a single stranded polynucleotide 
capable of farming a 3' shepherd's crock; 



J > 



3: 



it 



b) 



c) 



exposing the single stranded polynucleotide to 
conditions suitable for forming a shepherd's 
crook ; and 

exec sine the crcduct of (b) to condi 
suitable for extending the 3 ' end of 
coiynucieocide, thereby producing thf 
cclvnucleocide . 



..ions 
the 

: hai 



roxn 



IS . The method of Claim IS wherein the single stranded 
ccivnucieccice is DHA. 



The method of Claim IS wherein the single scranded 



colvnucleccice cacao ia 



crook is obtained by the seeps of: 
a) crcvidi" single stranded DNA and a DNA hairpi: 
adaocer with a phesphoryiated 5/ end and a 5' 



b) 



overhang; anc 

14 ratine the 3' end of the single scranded CNA 
and the 5' end of the hairpin adapter, thereby 
crcducinc a single stranded polynucleotide 
caoabie of forming a 3 ' shepherd's crock. ' 
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rh e method of Claim IS wherein the single scranded DNA 
cacabie of farming a 3' shepherd's crook is obtained 



by the steps of: 

a) providing single stranded 5' phosphorylaced RNA 
and a DNA hairpin adapcer with a 3' overhang; 
T-catino the 3' end of the adapcer to the 5' end 



b) 



c) 



d) 



of Che ?-MA; 

binding to che single strasded porrien cf che 
croducr a primer suicabie for produce sxcansion 

of b) ; and 

exposing to conditions suitable for extension o; 
the orirr.er with a polymerase suitable for prime: 



4 
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24 , The method of Claim 3 wherein the hairpin DNA is 
obtained by the following steps : 

a) combining target RNA with reverse transcriotase 
under conditions appropriate to produce cDNA from 

5 the target mRNA; 

b) subjecting the product of (a) to reagents and 
conditions suitable for removinc the tarcet mRNA 
from the cDNA; 

c) combining the cDNA of (b) with a mixture of 

10 hairpin DNAs, referred to as hairpin adapters, 

having : 

i) a phosphcrylated 5' end; and 

ii) a 3' overhang having the nucleotide sequence 
XYZ, wherein X, Y, and Z are each 

13 independent!-/ selected from the crcuc 

V**a ' I «t ^ V / 

d) subjecting the combination of (c) to hybridizing 
conditions, thereby hybridizing the 5' end of at 

20 least one hairtin adacter to the 3' end of the 

<w —i V* A f 

. e) iigacing the cDNA to the hairpin adapter thereby 
forming a single stranded DNA having a. hairpin . 
loop ; and 

25 f) exposing the product of step (e) -to conditions 

suitable for extending the 3'* end, thereby 
f ermine the hairoin DNA. 



25. The method of Claim 24, wherein the primer hybridizes 
- than one cDNA. 

3 0 25. The methed of Claim 24, wherein the primer hybridizes 

to a specific cDNA. 
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27. The method of Claim 14 wherein the car get: RNA is at 
lease cna RNA in a mixture of RNAs. 



23 . The method of Claim 3 wherein Che hairpin DNA is 

orovided by combining the double stranded DNA with an 
enzvme which adds a Icon onto an end of the double 
stranded DNA under conditions suitable for adding the 
looo . 



29. The -method of Claim 23 wherein the entyme is Vaccinia 
virus nicking joining enzyme. 



10 3 0 
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A metnee Oj. C2C2C^-.^ a — — — — — — - — — ± — 

sample comprising the steps cz: 

a) providing a sample suspected of containing a 
hairoin polynucleotide; 

hi combining the sample of (a) wttn a template 

dependent polynucleotide polymerase, nucleoside 
triphosphates and an excess of a single 
ccivnucieotide orimer that is capable or _ 
hybridizing to a site on the hairpin 

ocivnuc-eocice ana tnat , i~ presen-, a 

fcr ori~ar extension such thac an extension 
produce synthesized from tha single primer car- 
serve as che -amplata for the synches is of an 

* 

extension produce of the single primer; 

c) disrupting the base-pairing of the hairpin 
coivnuciectide, thereby dissociating the two 
ccttip lament ary portions of the na^rpin 
pclynuciectida, if prasant; and 

d) exposing tha polynucleotide of (c) , if present, 
to" conditions allowing at least the 3 ' portion o 
che polynucleotide primer to hybridize to the 
primer sita on the hairpin polynucleotide; 
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s) exposing the produce polynucleotide hybridized £3 
Che primer to conditions suitable for primer 
extension, thereby producing a complementary copy 
of the hairpin polynucleotide, if present; 

f) repeating steps (c) , (d) and (e) a sufficient 
number of times to amplify the hairpin 
colvnucleotide and the extension product, if 
present; and 

g) detecting the presence of amplified product, if 
cresant, wherein the presence cf amplified 
croduct indicates the presence cf the hairpin 
ccivnucieocide in the sample. 



The method of Claim 3 0 wnere^n tne na-rpzn 
ccivnucieccide is hairpin DNA and the template 
ascendent polynucleotide polymerase is a DNA 
ocivmerase . 

A method cf detecting double stranded DNA in a sample 
ccmsrisinc the seeps of: 

a) providing a sample suspected cf containing a 
double stranded DNA; 

b) crcvidir.g hairpin DNA, rafarrad co as an adapcar, 
with a phosphcryiated 3' end and which is 
iigatable to an and of the doubia -stranded DNA; 

c) liga-ing the doubia stranded DNA, if present, and 
the adapter DNA, thereby producing a hairpin DNA; 
and 

d) datacting the hairpin DNA, if present, by the 
meshed cf Clair. 13, wherein the presence of 
amplified hairpin DNA indicates that the dcubia 
stranded DNA is present in the sample. 

The method of Claim 32 wherein the double stranded DNA 
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^ 34 . A me -hod of o reducing at: least: one cocv of a hairpin 

polynucleotide comprising the steps of: 

a) providing at least one hairpin polynucleotide ; 

b) combininc the haimin colvnucieccide of (a) with 
5 a template dependent polynucleotide polymerase, 

nucleoside triphosphates and an excess of a 
sinale cciynucieotide primer that is capable of 
hybridizing to a site on the 3 'portion of the 
ha ire in cciynucleccide and that is suitable for 
10 • crimer extension such that a hairpin extension 

oroduct synthesized from the single primer can 
serve as the template for the synthesis of a 
hairpin extension product of the single primer; 

c) disrupting the base-pairing of the hairpin 
colvnucieccide, thereby dissociating the two 
halves complementary segments or ^ne nai_wtn 

ww—. / — w ' / 

d) exec sine the polynucleotide c: (c) to conditions 
a.:cw;r.c at least tne 3 per — w,. a. 

• ^p^cr^ d Q crimer to hvbridize to a primer 
3 j_ ze cn hairpin polynucleotide; and 

e) exposing the polynucleotide hybridized to the 
crimer to conditions suitable tor primer 
av-aric^- t' na ^ai:v 3roducinc a hairpin 

25 complementary copy of the hairpin polynucleotide 

as the extension product. 

35. The method of Claim 34 wherein step (c) is repeated at 
least once, thereby producing an amplification or tne 
-r *-d the hairpin extension 

3 0 produce. 



36. A mechod cf producing a= least: or.s .copy at a Hairpin 
oolvaucLaocids comprising che scans cf: 

•-4;-^ - rna "*ac- wairoin ccivnucieotiae; 
a) orov^cmg a<- one .aasu — — - 
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b) combining the hairpin polynucleotide of (a) with 
a template dependent polynucleotide polymerase, 
nucleoside triphosphates and an excess of a 
single co 1 vnuc 1 eo t ide primer that is. caoable of 
hvbridizing to a site on the hairpin 
ccivnucleotide suitable for primer extension into 
the duo lex portion of the stem and such that an 
extension product synthesized from the single 
primer can serve as the template for the 
svnthesis ci an extension produce of the single 

c) disrupting the base-pairing of the hairpin 
cclvnuciectide , thereby dissociating the two 
complementary segments of the hairpin 
polynucleotide; 

d) extcsinc the polynucleotide of (c! to cenditiens 
ailzvinc at least tne 2' pcrti.cn or tne 
polynucleotide crimer to hybridize to a primer 
site on the hairpin polynucleotide; and 

e; exposing the polynucleotide hybridized _ to the 
primer to conditions suitable for primer 
extension, thereby producing a complementary copy 
cf the hairoin polynucleotide as the extension 

+ * 

The method of Claim 3S wherein seeps (c) through (e) 
are reseated at least once, thereby producing an 
amplification of the hairpin polynucleotide and the 
extension product . 

A method of producing at least one copy cf a hairpin 
ocivnucieotida comprising the steps ct: 

a) croviding at one least hairpin polynucleotide; 

b) dissociating the complementary segments of the 
hairoin polynucleotide; and 
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c) forming in. the presence of nucleoside 
triphosphates and a template dependent 
polynucleotide polymerase a hairpin extension 
product: cf a polynucleotide primer which has bee: 
5 hvbridized to a site on the 3 ' portion cf the 

target hairpin polynucleotide suitable for 
cooving inco the duplex portion of the hairpin 
stem, an hairpin extension product having a 
sufficient number of bases such that a region 
10 complementary zo the polynucleotide primer is 

formed. 

39. The method cf Claim 33 wherein steps (b) through (c) 
are reseated at lease once, thereby producing an 
amciif icaticn of the hairpin polynucleotide and the 
15 hairoin extension. produce . 
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40. A kit comprising: 

aS a hairo.r- DMA, referred to as an adapter, with a 
chesohcryiated 5' end and which is iigatabie to a 
blunt end or a restricted end cf a double 
stranded "arget DNA ,- and 

b) a iicasa. 



41. The kit of Claim 40 wherein the adapter is a 5' 

ohosohorvlated oligonucleotide selected from the group 
• * 

consisting cf: 

X - CACGCTCTCCC7ATAG7GAGTCGTATTAAGAGCGTG-Y , 
X - CGCrrATAGTGAGTCGTATTAAAAAATTAATACGACTCACTATAGGG-Y , 
X-TCAGTCGTAGArGCCAACATTTTTGTTGGCATCTACGACTGA-Y and 
X-GCAAGGTCTGACAGTTTATAATArTATAAACTGTC\GACCTTGC-Y, 
wherein X and Y each independently represent from zero 
to six bases selected from the group consisting of 
adenine, eye s sine, guanine and thymine. 
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The kit: of Claim 41 wherein X is AATT or CCGG and Y 
represents zero nucleotides. 

The kit of Claim 40 wherein the adaoter further 
comprises a sequencing primer complementary to a sit 
on the hairpin adapter. 

The kit of Claim 43 further comprising a restriction 
endonuclease . 

The kit of Claim 44 further comprising a template 
dependent ooivnucieotide ocivmerase. 
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